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Topography Simulation Technology for BiCS Ultrahigh-Density Flash Memory
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Accompanying the ongoing miniaturization of semiconductor devices and the increase in the number of process steps in their manufacture in
recent years, cost reductions utilizing simulation technologies are required.

Toshiba has been developing a physical and chemical topography simulator to predict the performance of semiconductor devices without trial
production. ~ We have now introduced this topography simulation to memory hole etching as a key process for our proprietary bit-cost scalable
(BiCS) ultrahigh-density flash memories.  As a result, we have confirmed that the simulation model can describe the experimental topography of
BiCS memory holes, including taper angles and undercuts of stacked films, applying appropriate modeling of physical phenomena as typified by the
removal of adsorbed oxygen atoms on the silicon surface caused by reflected ions from the tapered silicon dioxide (SiO,) sidewall. By utilizing this
simulation model in the manufacturing of multilayer film structures, we can predict the precise topography and performance of semiconductor devices
without the need for trial production.
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Surface reactions as object of Toshiba topography simulator

KEBATVHHTBICS (R2(a) 1%, YA F TR EL

RZ L Ea1—Vol.66 No.5 (2011) 29



@

@

@

1l

j- | N N

l/ Moi MmN

S.- | N N

B EE B EENE
(XEVAR—NIyFoI7O0tRA &z, si

BB ZIBDALZETHRK) _

(a) KBEXEY BICS DH#EE (b) XEVR—INITYF T DERNE

K2, XBEXEUBICSOEEL, XEVAR—IIVvFUIDOERE
— BIiCSHE®E, ZEHAZHRE L7z Bt g & fa R at g, R Ov2 2% Bl
FTHMIEEBDP SRS MHEEBREEO/-DICREEEH BT 5/l DH
3% “ARVF=NTy F2 7" LIHEN DT FAR LYy F0 7 TR AR,
AAMERD 720D F —L 25,

Structure of BiCS and memory hole etching
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Results of experiment and topography simulation of SiO, sidewall taper
angle dependence on mask opening width
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Experimentally obtained scanning electron microscope (SEM) image and result
of topography simulation of SiO, etching using fluorocarbon gas process

FHEEMIFIRT I 2L — a3V EMERBREXEBICS

3.2 SiTvFJ70vADETFTIVT

R5@IZRTLIC, SiBOZYy FU 7 TIE, ZyvForn
RSITRCFAOERAEE s RSNz, F72, fMIBE~OHAF
Iy FRIET AT DT = AR DA B - 72 (K5(b) o
INHDOBRIE, AF YT YAMNUSEIZHWTEF ML T
x5,

FARIIZIE ST R # L2 (0) T2 A 4 > 33 A
L, OBF DA SNz SIRETNAT VST HNHPIy Fo
FEERITHINEL (R6). Ut RS L /- SiKlT
DG RALEUSE T VZ TR, KIS TIE, KIS
PEAF 4% “Ar™, "oy U4ik% “Br L LTEFIMLL
TWwa,

(1) SiFKHETOERKIE

Ogas + Sisurf Si()surf (4)
Art+Si0, +e ———Si ,+0, +Ar (5)
Brgas + Sibulk + Sisurf SiBrgas + Sisurf (6)

Ous * WK (5K)
Sigure  SIZE T

1,200 -
E 1000 -
% ' 71?_»5%@“‘5
& 800
g Si
Q600 -
N 400} ° e 3al—vay . | Ay
; TYFLID;
H 200 |- o EER

0 | | J
0 50 100 150
< AYEOME (nm)
(a) Ty F I OFRSORORKTYE
YA T—I\F
60

2 50

£

U 40 -

n

i 301 BRIy F B

H

*

w201 0 3aL—av

il

2 10| O RBR

0 | | J
0 2 4 6

CRIF—INE () Si

(o) Y A KTy FBDYRAYT—/\BIKFHE

®5. SITYyFJICH1Id0—-TAVIMROKBKREIIalL—>3
AER — Ty F U ORSET AT BRI L, WA O Py
FRIEVAY T = SRS DD o

Results of experiment and topography simulation of Si etch depth and side
etch dependence
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Surface reactions in Si etching process
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Experimentally obtained SEM image and result of topography simulation of
Si etching
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Experimentally obtained SEM image and result of topography simulation of
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Result of predictive topography simulation of multilayer BiCS memory hole etching
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